
Electric Potential

lf the electric field is due to more than one charge, the individual

fields (e.g. , Et, E2,....) due to each charge are added vectorially to

get the total field at any point:

E rotur - Er + Ez+ .....

The adding together of the electric fields to find the total field is

known as the PRINCIPLE OF SUPERPOSITION.

For instance, the field around a pair of oppositely charged objects is

the superposition of the fields from the positive charge E* and the

negative charge E-, giving a resultant field electric field E.
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A charge q at rest in an electric field will experience a force given by

F =qE

lf the charge is free to move it will acquire kinetic energy. For

example, consider a positive charge between oppositely charge

parallel plates.

Let the positive charge be placed near the positive plate. The

moment it is released and allowed to move the positive charge will be

attracted by the negative plate and repelled by the positive plate.

While the positive charge starts at rest, as it moves the charge will

gain kinetic energy.
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Conceptually we can imagine an electrical potential energy being

converted to kinetic energy (analogous to gravitational potential

energy being converted to kinetic energy).

Notice that this test charge will experience the same electric force F

anywhere between the two plates, because the electric field E is the

same anyarhere between the two large parallel plates.

lmagine the opposite motion of the test charge - that the positive test

charge q is moved against the electric field so that it is moved from

near the negative plate to a point near the positive plate through a

distance d.

This will require an amount of work W be done, given by

W=F.d =Fdcos0

Once the charge is near the positive plate, the positive test charge

has acquired electrical potential energy.

We know that the electric force at some point is related to the electric

field E by the expression

F=QE
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So the potential energy on a charge is equal to

Potential Energy - W = F. d = q E d

The change in potential energy per unit of charge is defined as the

POTENTIAL DIFFERENCE or VOLTAGE between two points.

The symbol for potential energy is V for volt, named after the ltalian

scientist Alessandro Volta (1745 -1827). Volta invented the

chemical battery.

V = (Potential Energy) / q

= W/q = F.d/q

ln terms of the electric field the potential difference or voltage

between two points is given by

V=Ed

Since potential difference (voltage) has the dimensions of "energy per

unit charge", the volt has dimensions of J/C.

We can rearrange the expression V = E d to express the electric field

strength E in terrns of the potential difference V, that is

E =V/d
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This means that the electric field strength can be expressed in volts

per metre (V / m), as well as Newtons be Coulomb. Dimensionally

they are the same ([ ] denotes dimension) :

I E ] = V/ m = (JlC) I m =(Nm/C) I m = NIC

Examples:

1) Two oppositely charged plates are separated by a distance of

2.4 mm. What voltage must be applied to the plates to create

an electric field of 2.A x 104 N/C?

v = E d = (2.0 x 104 Nlc) (2.4x 10-3 m)

= 4.8 x 101 Nm/C = 4g J/C = 4g V

2) An electron is placed in an electric field of 1.0 x 103 V/m. What

is the electron's acceleration? (the electron has a mass of 9.1 x

1031 kg and a charge of 1.G02 x 10-1e C).

F = Eq = (1.0 x ,to3 vlm; (1.602x 10-1e c;

= 1.602 x 10-16 N

a =F/m = 1.0a2x10-16N/ 9.1 x1031 kg

= 1.602 x 10 1a mls?

By placing electrons in a potential difference they can be accelerated

to a high velocity and therefore to high kinetic energy.
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The Edison Effect

ln 1889 Thomas Edison introduced a metal electrode into one of his

carbon-filament lamps and discovered that when the filament was

made incandescent by means of a D.C. current a current of negative

charge was measured leaving the filament.
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The metal electrode was connected to a sensitive galvanometer,

which in turn was connected to the positive side of the D.C. current to

the filament.

The current is known as the Edison Effect and is due to the

thermionic emission of electrons from a hot filament (therme

pertaining to heat + ion relating to a charged particle).
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It is interesting to note that the electron was not discovered until 1897

by J.J. Thomson of England. lf Edison had been more curious to the

cause of the "Edison Effect' he might have discovered the electron

eight years before J.J. Thomson.

Extensive research has been done with filaments. There are

filaments which operate at high temperatures (e.9. Tungsten at 2,400

K) and there are filaments covered with barium or strontium oxides

which operate at low temperature (e.g 1,100 K).

The hot filaments are known as bright emitters and the low

temperature filaments are known as dull emitters.

A dull emitter will emit a current af A.2 ampere per cm square with an

output of 140 milliamperes per watt, compared to a bright emitter

current of 0.12 ampere per cm square and output of 2 milliamperes

per watt.

The filament in a vacuum tube is usually a dull emitter. The filament

in an incandescent light is usually a bright emitter.
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lnside a television or a computer monitor you have a tube known as a

CATHODE RAY TUBE - a CRT. lnside the CRT is a dull emitter

filament called the CATHODE which emits a steady and controlled

stream of electrons in what is known as an ELECTRON GUN.

S*lS i lnt*nslty {:tntr*l I

at

T** alio$[AC $:"lr"tf{cfl

{fA3!-isffil

The CRT also has an anode (a positive grid and electrostatic lens)

and deflection plates which can "steer the electron beam" across the

screen of the CRT. An example of a "heater type cathode" is
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The electron beam on a CRT is swept back and forth across the
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screen to paint an image on the screen point by point (pixel by pixel).
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The face of the CRT is covered with a material that fluoresces when

bombarded by electrons. The light the fluorescent material (called

Phosphors) gives off stops immediately after the bombardment.
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